









The General Radio 
EXPERIMENTER 
is mailed without 
charge each month to 
engineers, scientists, 
technicians, and others 
interested in electronic 
techniques in measure¬ 
ment. When sending 
requests for subscrip¬ 
tions and address- 
change notices, please 
supply the following 
information: name, 
company address, type 
of business company is 
engaged in, and title 
or position of individual. 


COVER 



Type 1151-AP CounUr 
m*a«ur«s p«riod of output 
signal from a Typo 1311>A 
Audio Oscillator. A Typo 
1137-A Doto Printor pro- 
vidos a pormanont rocord. 


THE GENERAL RADIO 




19fr3^GENERAL RADIO COMPANY, WEST CONCORD, MASS., U.S.A. 
Published Monthly by the General Radio Company 
VOLUME 37 •NUMBER 6 JUNE, 1963 


CONTENTS 

Zero to 300 kc with Five-Digit Accuracy.. 3 

Solid-State Data Printer ..9 

New Ferrite Isolators..*>,. 12 

General Radio Exhibit in Tokyo. 16 

Personnel Changes at our Sales 

Engineering Offices .... . 16 


GENERAL RADIO COMPANY 

West Concord, Massachusetts* 

Telephone: (Concord) 369-4400; (Boston) 646-7400 
Area Code Number: 617 


METROPOLITAN Brood Avanua at Lindan. Ridgafltld, Now Jorsoy 
NEW YORK:* Telephone—N. Y, 212 964 2722 

N. J., 201 943-3140 

SYRACUSE: Pickard Building. East Molloy Road, 

Syracuse 11. N. Y. 

Telephone —315 454-9323 


PHILADELPHIA: 1150 York Rood, Abington, Ponnsylvonia 
Telephone —Fhila.. 215 424.7419 

Abington, 215 887-8486 

WASHINGTON* Rockvillo Pike at Wall Lane, Rockville, Moryland 
and BALTIMORE: Telephone — 301 946 1600 

CHICAGO:* 6605 West North Avenue, Oak Park, Illinois 
Telephone—312 848-9400 

ORLANDO: 113 East Colonial Drive, Orlando, Florido 

Telephone — 305 425- 4671 

DALLAS: 3501-A West Mockingbird Lane, Dallas, Texas 

Telephone — 214 Fleetwood 7.4031 


LOS ANGELES:* 1000 NoHh Seword St., Los Angeles 38, Colif. 
Telephone—213 469 6201 


SAN FRANCISCO: 1186 Los Altos Ave., Los Altos, Calif. 

Telephone — 213 948-8233 

TORONTO:* 99 Floral Parkway, Toronto 15, Ontario 
Telephone — 416 247 2171 


*Repair services are available at these offices. 


GENERAL RADIO COMPANY (OVERSEAS), ZURICH, SWITZERLAND 
REPRESENTATIVES IN PRINCIPAL OVERSEAS COUNTRIES 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 














ZERO TO 300 kc 

WITH FIVE-DIGIT ACCURACY 


TIu* * now Type 1151-A Digital Tiino 
and Fn*<juoncy Motor is a niort' sophisti- 
caKnl tirothor of the Type 11oO-A 
Digital rro<|nonoy Motor pn'viously 
aniK»iiiio(Mj.' It doos not r(*pIa<*o tho 
Type lloO-A, but it doi's oxtond tho 
range* of prc*oision frc*<jUonoy m(*asuro- 
niont to low froquonok's, wh(*ro a simple 
oonnting froejuonoy motor is in(*l!ioiont. 
Low fr(‘(iuonoios are delorminod rapidly 
and aoouratoly by moasurom(*nt of th('ir 
lx*riods or dooimul multiplos of tho 
IX‘ri(Ml. Moasuromont of higher frev 
qiu*ra*ios is aooomplishod in tho usual 
fashion, by tho (*ountingof zoro-<*rossings 
|)(‘r uidt time*, but an altoge'thor now 
and highly oHioiont program is us<*d. 
Provision is also made for fro(|uonoy- 
ratio and multiplo-intor\'al me'asun*- 
m(‘ntsin addition to tho tisual totalizing 
or aoounmlativo oounting funotions. 

Tho inptit oirouit inoludos tho con¬ 
trols n(‘oossary for moasun*m(*nt of 
puls<*d and low-fn^epioncy signals — 
trigger level, .slope polarity, and ac or 
do (*oupling. 

The* ne*w oountor is available in two 
versions, the .suinelard m<Mlol, Type 

‘it. W. Kmiik nml J. K. SktUitic, "A Fivr-Diitit Siilhl- 
Slatc Coiinlrr for Frwiuency lo 2'2\^ kc,‘* 

Ctntral Hadiu ExptTttHcntrr, 36, 4, April. 1U62. 


llol-A, and tho Type ll.'il-AP’^ which 
can lx* u.s<*d tei drive* atixiliary oepiip- 
m(*nt — like* the* Type 1137-A Data 
Printer de*se*rilx*d (*ls<*whon* in this 
issue, t 

The*othe*re*lome*nt.sof thoTYPE 1151-A 
counte*r are similar te> the* Type llr,()-A 
intrexluoe'd a year ago. C^)unt ing docade*s, 
(juartz-roforonoe* oscillaleir, ix>wor sup¬ 
plies, and package* are substantially the 
same. 

THE COUNTER PROGRAM 

Tho program of the Type 1151-A is 
as elficie*nt a.s a pn)gram can bo made* 
for a counter without storage*. It is 
more compl(*x than the* e*lementar>" pro¬ 
gram of the* Type lloO-.V Digital Fn*- 
qiienoy Me*te'r, le*ss .so than the highly 
offie'iont program of the* Type 1130-A 
Digital Time and Frc*e|uency Metef with 
its storage .sy.stem.* 

Sinc*e the two us(*ful intervals are 
those for counting aiiel elLsplay, it is 
obviously elesirable* to minimize the 
zero interval that occurs l)etween the 

•Th** Ttpb 1150-AP Digital Fn^iuriicy .\fpU?r isalco now 
availablf. 

tSeciiaitcO. , 

*n. W. Frank and It. T. N!eAI*^r, “A Frctpirnry Cotinirr 

with a Menior}’ and with ltiiiit*In lediability," (jinrrnt 
Radio Erperimmtfr .36, A, May, H>6I. 




SZ* £.1 ♦.% ei^i 

©0 ? O ■y 



Figur* 1. Viaw of tho Typo 11S1-A Digital Timo and Froquoncy Motor. 
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end of the display iiilorval mid the start 
of thi* iH'xt counting interval. This has 
been done in the new counter, whose* 
freciuency-measurt'ment program is 
shown in block form in I'igure 2. 

The timc-bas(* of the Type 1151-A 
counter is, like the ring counting decades 
previously deserilx‘d.‘ an innovation. 
This counter us(*s two iilentical liinary 
scale-of-1000 dividers to control the 


counting gate duration and to j)roduce 
variable display time. .Since these' divid¬ 
ers are ape'Hodic devices they can lx* 
used to produce multiple-jx'riod gating 
in decimal steps. These binary scaling 
devices cost less than many solid-state 
monostable di\iders and are more re¬ 
liable. They also make possi!)lc a more 
efiicient })rogram. 

*Loc. nt. 



Figure 2. Elementary block 
diagram of the counter when 
used for frequency meosure* 
ments. The program scaler 
determines the crystoUcon* 
trolled counting time and the 
display time. 
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In a first scak^of-KXK) divider, the 100-k<; 
signal from the oscillator i« redneed to 100 
eps to siiftply clock piilw'S to oj)erate the pro¬ 
gram. Assume that the cfuinting register has 
just been cloanMl and the progniin sealer set 
to zero by a reset pulst?. The next l(X)-cyclo 
(rloek pulse will causes the main gate to Often 
and the program scaler to advancte 1 (*ount. The 
program scaler is coded to count 10, 100, or 
1000 clock pulsf's by the pEUKuts/rou.vTiNO 
TIME switch. When the appropriate number of 
clock piilsf.'s have l»een count(*d, the signal from 
the waler closes the main gate. Hut the s»*aler’a 
job is not finished, rjton main-gate chisure, 
the scaler is n*Ret and again begin.s to accumu¬ 
late clock puls<*8. If, f<ir example, a display 
interval of around 0.3 st‘(‘ond ia di*8irfHl. the 
DC.spLAT TIME switcli .Set to its sccond prtsition 
will terminate the disi>lay interval after 32(2^) 
clock pulsk's have binm accumulated. The pro¬ 
gniin scaler operates in a pure binary fashion 
to count out 10, 32, 01, 128, 250, 512, and 1021 
clock pul.s<*8 corresponding to disfilay time 
ranging from 010 to 10.24 sec^mds.* 

.\t the conclusion of the display interval, 
the next clo(‘k pul.se generates the res<»t pulsi*, 

•TTiw iliHplay interval has th»* Aanio pmoision tm tin? (rate 
interval. ThU ia iiicitlontal', unfortunately, no one lum 
yet found a eoo<i use for it. « 


and the ver>' next clock piilst*, WlOO second 
later, will open the counting gate to begin a new 
measurement. The maximum “time out” for 
reset is 1/100 secontl, rttgardless of the gate 
time. Note that this program is what might be 
termed fully syntrhronous since all three inter¬ 
vals, counting, display, and n‘set, are continu¬ 
ously under control of the 100-cyele clock. 

Figure 3 shows the re.arrangement of the 
bjisic circuit bhxrks for jx'riod measununent 

Here, the input circuits produce their one 
pulse per cycle for the progr.im, and the 100- 
kc oscillator f>ul.s«*s are passr'd thrr>ugh the 
counting gate to be accumulated in the regis¬ 
ter. I*eriods and their multiples are therefon; 
measured in a minimum time incitement of 10 
^c. 

Ijct us assume, as with our previous t^xample, 
that a rcsi't juilse has just iMten produced. The 
next pulse from the input circuits will open the 
main gate and start the counting of the input 
pulsc‘S in the prognim scaler. If the scaler is not 
in the circuit, a single [>eriod will open and 
closi* the gate. If the PEnioDs/rouNTixu-TiME 
switch is set at 10, ten pulsc's must be counto<l 
lM‘forc* the gate closes, etc. Upon gate clo.siir«*, 
the program »*:ilor is reset to zero, and, as be¬ 
fore, the (uilses from the 100-cycIc clock bci^ome 
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it8 ftiioiHl. A hinan* srquonco of lOO-oy^lo 
cIfK'k pulfi(« is now wnnttnl to oatnlilUh the 
display interval. The siiniai from tin* walor 
vui tla* ilisplay-tiinf* swntrh initint<*8 tho rev 
sol pnlso, and wo an* hae-k whon* wo staiicMl 
fn>ni. Tin* noxt failso fnnn the input ciroiiila 
will aK^in o|a*n tho oountinj? ^ato. 

Tho proKrani for froqiionoy-ratio moasiircv 
mont is oxiioily liko that for nniltiplo-porioil 
m<*asure'm<‘nt, showm in FiRun* 3. Tho UM)>ko 
os(*illator which pn)vided tho pre<*ision dork 


for period m<*asun>niontM ia siniply n*placo<l with 
a second, siinplo, w't of input oinniita. .Sup|M>8o 
a sigmil of 10 r|>s is im])n‘asod on tho main input 
terminals (with tho mkasukkmknt switch 8«'t to 
PKRiun). Tho muntiriK n^Kistor will display its 
period as 10,000 (tensed m«**<*(. If the measork- 
MKN’T switch is now placiMl in ratio position 
and a 100-kc signal isadmitteHi, tho roipstcr will 
still roH<l 10,0(KI, now tho nitio of fnHjuoncy li to 
frequency A. If tho |KTi(Nls multiplier is sot at 
10, the reading is 10 B/A, etc. 



Figur* 3. El«m«ntary block 
and liming diogram of the 
counlar wh«n us«d for period 
meotvremenf. The program 
tcoler determines the number 
of periods measured and the 
display time. 
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INPUT CIRCUITS 


The itloal digital fr('(|U(Mi(’y motor 
would Ik' an automatic moasuriiig instru- 
moiil, to \vhi<*h ono could coniioot a sig¬ 
nal of any kind (no matti'r how woak, 
dis!<»rto<l, or noisy) and always ged 
tho corroct answor. Furihormun', this 
Ih‘rfocl dovico should not hurdon tho 
signal source with a load, either con¬ 
ductive, reactive, or radiational. Whih* 
obviously never n'alized, this ideal is, 
nevertheless, the designer’s objective. 
Input circuits should n*(|uire an absolute 
minimum of adjust mt*nts and ofierator 
attt*ntion, should load tlie circuit under 
test as little as possible, and shoiihl 
radiate pmctically nothing. The input 
circuits of tht* Tt*pe lir)l-A Digital 
Time and Fretpiency Meter are, we 


Is'Iieve, the l)(*st available — almost 
without n'gard to cost. 

To achit'vi* the desired level of per- 
fonnance, the new counter has four in¬ 
put contnds and switches (in contnist 
to the simple Type IIoO. which had 
mtne). With these*, one can choose*: 

(1) AC or dc coupling 

(2) Zeuo-crossing slope* for triggering 

(3) Trigg<*ring level over a narrow 
range 

(4) Higher se'iisitivity — 0.1 volt at 
lOO-kilohm input resi.staiice or, con¬ 
versely, I volt inlei 1.0 megethm. (In 
other words, the input sensitivity is 
I microampere.) 

While this fle*xibility is contrary to 
the ideal of automation, it detes p(*rmit 
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the counter to oixu-ate 11101 x 3 successfully 
in noisy environni(‘nts. Let us exiiniine 
those* input circuits to see what they 
can do. 

Figure 4 is a simplified sc'hematic 
of these circuits. It is not entirely iu‘w, 
hut is a “transistorizatioiF’ of an 
amplitude comparator designed for 
another insirument.* The circuit has 
the input characteristics of a Schmitt 
circuit, but has lietter common mode 
rejection for such things as variations 
in such power-supply voltage, teni[X‘ra- 
t utx*. etc. 


•S 20v 



Figure 4. Elemen* 
tary schematic dia¬ 
gram of the input- 
circuit amplitude 
comparator. Sensi¬ 
tivity is one micro¬ 
ampere. 


The pair of symiiietiically I'onnwtwl tran- 
sist«»rs t^j) forms a tastable switcliinj: rir- 
cuil. .\ »Iiffcr('ntinl amplifier coiincMacd 

in the base cirenit.s of the fli|}-flop tninsistors, 
modiilat4'8 ttieir base current with tin* input 
siKual and cau8“s switehinK at the sij^nul rate. 
This difTerenlial-amplitior tran-sistor is crucial 

»U. W. I'Vttnk, **Uow to Kill Time - Aecurntely,*’ 
Central Hadiu Eiiwrimrnter,'.\'i, 19, Diwinln*!, 1958. 


to the circuit iierlormance. It is a doulile 
.silicon, planar, epitaxial unit with 20*/ ^ain 
(A/,) balance, and less than 10 nanoamiM*n*s 
leakage. 

The circuit operates in the following manner: 
.\s.sume current balance in the <lifTer(‘ntial 
amplifier and suppose that is on. (^I's low 
collector voltage, combined with the current 
pa.ssing the right side of the dilTercaitial 
transistor, will keep Q-j shut off and t^/s collector 
voltage high. The higher current in Uj to the 
luisi^ of C^i will, even in the pn*.s<‘nce of the ecpial 
current from the left side of the differenti:il 
amplifier, ket^p t^t on. Now, suppose that the 
collector current of (the left side of the 
differential pair) is deere.ased, owing to the 
pre.senci* of an input signal. The collector curivnt 
of (,>1 will d<*crease and eventually w'ouhl de- 
creasi* sufficiently to permit to go on. Hut, 
when Qj starts on, it lM*gins to turn (^i off, and 
the circuit switches to the opposite state at a 
rate determined only by the gain-bandwidth 
pniduct of (^, and (^ 2 - Hemember, helped (2- 
to go on in the first place and its other side w.*i.s, 
at th(‘ same time, helping to go off. Hut now 
the signal of (^i itself is kiH'ping Qj on even w hen 
is again at balance. H<*fon‘ the circuit can 
.swit<*h back to its original state, the current 
will h.ave to be n*versed m to help (^i to gf» 
on. The amount by which the basi* current 
of (^3 must be varieil through the balanci* point 
to cause switidiing is the current sensitivity or 
“hyst(‘resis” of the circuit. For thcTYCi-: 1151-.V 
Digital Time ami Frecpiency Meter, this 
quantity is one microampere. 

The input resistanc(‘ ;d the bas<* of is 
low', but only one niicroam|)crc* is requirr*d to 
switch the circuit. ()ne volt will (*au8e switching 
when aj)|)li(*d to the megohm re.sistor (lb), and 
with 100 kilohms a tenth-volt is aileciuate. In¬ 
put isilarity is I'asily sidected by simple inter¬ 
change of the signal and rcfen-ncc. .\t om*- 
megohm input impedance, this circuit typically 
has an input dc lirift (the sw'itcliing point i of 
less than 1 inv/®C with t(‘m|>emture, mo.st of 
which is A/, unbal.ance of and with tem- 
jieratun*. Tin* .silicon diodes Dj and D; are usmvI 
to prevent 8:ituration of high-lieta tninsistors 
at 1 ‘levated temperatures. 


NOISE 


The drift.s in the operating ]K)int 
of the input swilehing circuit are a 
matter of conce*!*!!, since they con.stitute 
a form of noise. This noLst', which is 
due to th<*rmal time* constants, is very 
low in fixapiency and will only lie .signif¬ 


icant when long p(*riods are In-ing 
niimsured, and tlu'n only during violent 
temperature change.s. 

ThiMinal drift i.s just one of the 
“noi.s(*s” that d<‘trac1 from j)erformance ^ 
and which must lx* minimized in the in- 
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Figwr* 5. Analog rocording of o continuous poriod moosuromont of a precis* signal. Tho fluctuations of the 
curvo indicate the counter's internal noise — loss than 5 millivolts, peak-to-peok. 


put circuits of u low-fi-cfiuciicy counter. 
The spt'cification for accuracy of a 
period mea.suriup; device always n*ads 
*‘± I count ± time hast' accuracy ± 
error diu* to s/s of input .signal.’^ f)ften 
the count(T manufacturer choose.s to 
igiioH' the counter’s own input-circuit 
noist*. H. T, McAleer in a iveent article 
in this publication* has discussed the 
effects of noises of all sorts on the 
accuracy of the measun'ments made by 
countei*8. Hen* we will i-epeat only the 
ba.sit! et I nation. When the input .signal 
is a sini' wave and triggering occurs 
on zero crossings, the error made in a 
periwl measurf'ment due to input noise* 
is: 

(error) % = ± j ^ X 100 
Where: 

Vn = |X'ak effective noise voltage 

F, = p('ak signal voltage 

In this counter the ecjuivalent input 
noise is le.ss than 5 millivolts, {X'ak-to- 
|x*ak. In the Ix'st input circuit the ir- 
reducibk* input noise' would Ix' that in 
the input ri'sistor and possibly the* input 
tran.si.stor. In most counters, the noi.se is 

•11. T. .MoAI««tr, “IHeiiJi f'an l.w.” CtHrrul RaHut Erptrt- 
mmttr, 34, 1’J. llecrrulM'r. IlHIV. 


not random hut is a I’elative'ly coherent 
.signal, con.sisting of various .signals pro¬ 
duced within the counter. In the Type 
115I-.V counter, a lot of attention has 
lx'<*n given to minimizing tlu'se* noises. 

I’igure 5 is a recording .showing 
fluctuation.s in the measured p(*riod of 
a low fn*(iuency (3 cp.s) signal. The 
pe'riod of this signal (a positi\'i' .saw¬ 
tooth) is precise*, and its own noise is 
ver^' low. The curve was obtained using 
a new .storage-ty|x* digital-to-ana!ffg<'on- 
verter sexni to lx* announceel. 

APPLICAflONS 

A digital freepiency mete*r is, as the 
name .so clearly implies, an automatic 
inst rument for the accurate m<*a.suix*ment 
of fivquency. It has twp advantage.s 
over any oth(*r means of frequency 
measurement. First, it is accurate — 
as ae'curate*, ultimately, as its n*ference 
ose-illator (since provision is made for 
an e.xternal Idtbkc pii'ci.sion source to 
control the gate time, accuracy is not 
n<'ce.s.sarily limited to the accuracy of 
the built-in oscillator). Second, .since* the 
measim'nx'ut is automatic and the 
result is displayed by big, bright, in-line 
indicators, the mt asiin'incut can lx* made 
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by unskilled peopk*. The Type llol-A 
Digitnl Time and Fro(|iK*n(*y Motor ox- 
U'lids tho ninK«* of aoourato inonsuro- 
moiit to tho fro(juonoies whoix* din*ct 
counting of the unknown i« too time 
consiiniini^;. 

The ratio channel is us(‘fiil for direct- 
readi nj? industrial measurements. A jack 
is providi'd at the n*ar for eonn«M*lion 
to the Type Photo<'Iectrie Piek- 

ofT for measurements of rotational s|x*<‘d. 
liy application of two input signals to 
the .\ and B channels, the counter can 
Ik* made direct reatling in any dimen¬ 


sional system, as ft/sec, rpm, gallons/- ^ 
min, etc. 

With appropriate transducers and 
terminal ecjuipment the counter can 
indicate, and with the Type 1137 Data 
I Vinter can record, any mcasuix^ment, 
for instance. 

Units ix'r anything 

Force — weight — strain — pressure 

Flow-rate 

Velocity, linear or rotational 
Voltage, current, resistance, via a 
voltage-to-frequency convcTter. 

- R. W. FfL\XK 


SPECIFICATIONS 


Fr«qu«ncy Measurement: 

Range — to .'tUO kc. 

Senftitivity — O.I volt, peuk-to-jH*ak, at UK) 
kiiohm.*< or 1 volt, (K*uk-to-(M'ak, ut 1 nuxcohni 
(1 nuci‘oami»ero», switrli-jiplected. 

Counting Interval - 10 milli.HCeoilili* tO 10 nec- 
onds, cxteruliblp by multiplier switch. 

Accurocy — ± I Count ± cr>'.stal-o?*cillntor 
Muhility. 

Period Meoturement: 

Ronge — DC to 20 kc. 

Number of Periodt— 1, 10, 100, or l(KK). 

Sensitivity—0.1 volt at KKl kilolmiH or 
1 volt, fHnik-to-pcak, at 1 in(»nolun (1 mirro- 
ttm|)ere), 8witrb-seleete<l. 

Accuracy — ± I count ± time biu*e accu¬ 
racy + noine errors. 

Input Noise — 5 milliv'olts ec|uivtilent often- 
circuit input noise at 1 meK<»lini, less at 1(K) 
kilolims. 

Counted Frequency — 100 kc. 

Ratio Meoturement: 

Ronge - B A. 10 B/A, 100 B/A. or 1000 
BA. 

Frequency Ronge — A input, clc to 20 kc; 
B input, (Ic to !{(K) kc. 

B Input — 1 volt iieak-txKfieak, 100 kiUibms. 
Ditploy: .*MliKit, in-line \umerik register, in- 
caiulesceiil-lamp ojierated. 

Oitpioy Time: 0.10, 0.32, 0.04, 1.28, 2.50, 5.12, 
or 10.24 secotul.s, switch-Rolected. 
input Impedance: I megolim sliuntod by 50 iif 
or BM) kihibiiis shunted by 5(K) pf, switelj- 
selecto<i. 


Input Trigger Level: ±1 volt at 0.1-volt sen.si- 
tivlty; ± 10 volts at 1-voII sensitivity. 

Input Trigger Slope: .\C or dc coiiplctl, po.sitive- 
or negative-Ktjing. 

Crystol-Otcillotor Stability: 

Short-Term — Better than fiart per million. 
Cycling — I^s than Counter resolutmn. 
Temperature Effects — I^ess tlmil 2* 2 parts per 
million for rise of 0 to 50 (' ambient. 

Warmup — Within I part per million after 
15 minutes. 

Aging — liCss than 1 ptirt per million iier 
week after four weeks, deeren.sing thereafter. 
Crystal Frequency Accuracy: The frer|Uency is 
within 10 parts per million when .shipped. 
Fretiuency adjustment Is provided. 

Power Requirements: 105 to 125 <or 210 to 250) 
volts, 50 to 00 cps, .'HI watts. 

Accessories Supplied: Tvi'K C*.\I*-22 Power 
(\)rd, eight replacenient inejiiMlescent lamps, 
“psire fa^es. 

Accessories Available: TVPE 11.3tV.A Diptal-to- 
.\nalog (Vinverter ami Type 1I37-.\ Data 
Printer o|X'mte from output of Type 1151-AP 
model. 

Cabinet: Hack-l»enrh. 

Dimensions: Bench model — width 19, height 
3^i, depth 12* 2 inches (485 by 99 by 320 mm», 
over-all; rack ino<lc| — panel 19 by 3*2 inchc.'« 
(485 by 90 mm), flepth behind panel 12^^ 
inches (32S ram). 

Net Weight: 19 pound.s (9 kg). 

Shipping Weight: 22 poumls (10 kg). 


Tupt' 


CofIr Xu miter 

Price 

11S1-AM 

Digital Time and Frequency Meter. Bench Model. . 

1151-9801 

$1195.00 

11S1-AR 

Digital Time and Frequency Meter, Rock Model... 

1151-9811 

1195.00 

nSI-APM 

Digital Time and Frequency Meier (with output for 
printer or D A converter). Bench Model. 

1151-9871 

1250.00 

nsi-APR 

Digital Time and Frequency Meter (with output for 
printer or 0, A converter). Rock Model. 

1151-9981 

1250.00 
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I>*cimiil-i*o(lcd information can lx» 
reduced to a pi‘nnanent, printed it'cord 
through the use of a digital printer. 

^ For use with CJeneral Iladio digital time 
and frr*(iuency meters, there is now 
available the Type 1137-A Data Printer, 
a pre(!ise, compact, and economical 
device, which is manufactured for the 
(len(»ral Radio C’ompiiny by IV*ckman 
Instruments, of Richmond, California. 
Hy fast parallel entry of 4-line BCD or 
10 -line code inputs, it can print at a rate 
of 3 lines per second with up to 12 digits 
IX'r line. 

printer is ecpiipped with plug¬ 
in solid-state ccxlt* modules (se(‘ I'^igun' 
1) to control each digit column; a 4- 
line module which accepts 1-2-2-1, 
1-2-4-8, or I-2-4-2 coding; or a 10-lin(‘ 
npKlule which accepts either 10-line or 
4-lin(‘ datii. Fach printer contains the 
re(|uired quantitj’^ and type of code 
moclules to operate with the intended 
digital instrument. Since the capacity 
of the printer is 12 columns, however, 
additional plug-in motlules of either 


type are available for printing other 
data in the imusc^d columns. 

The digital information can be re- 
conled in predetermined digit-columns 
and groups. The input cable provides 
a .separate plug for each code mcxlule, 
so that input daUi can Ix^ programmed 
to .specific digit-column.s. In additiqn, 
th(' digital information can lx* sc*parat(d 
into groups by application of a column- 
suppn*.ssion signal to the eexie module 



Figur* 1. Muhipurpos* plug-in cod* modules with 
individual input connectors allow complete freedom 
for composing o desired printing format. 
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Figur* 2. Compoct, time-provtn Burroughi printing 
machoniim is dsiignsd for continuous-duty oporo- 
tion with o minimum of mointenonco. 

of the tlifyt-<*olunin in whifh a spiuf* is 
dt'sind. rnplu^giiig the appropriate 
code module will also accomplish this. 

A two-<*olor riblxjii can be auto¬ 
matically or manually controlled to print 
black or red on standard roll 

tape. Thi.s is a convenient means for 
indicating off-limit ivadiiigs or readouts 
from diffcMvnt input wjurces. 


The Type 1137-A Data Printer has a 
numbt*r of outstanding design ff*atun‘s, 
which ensure optimum performance with 
a minimum of maintfMiance. Through the 
list* of solid-state circuits and the ab- 
s(*nci‘ of power-consuming kcylx)ard 
actuators, over-iill power n'tjuirements 
have be<*n minimized. The extended 
front panel affords an unobstructed view 
of each line immediately after printing, 
and a ust*ful flat surface for writing 
on the pji|x*r tap(\ 

The solid-statt* code modules have 
convenient handles for quick removal 
from th(‘ top n*ar of the printer. To 
facilitate trouble-shooting or mainte¬ 
nance. the control circuit cliassLs is 
mounted vertically as an integral part 
of one of the side gu.ss(‘ts. 

The printing mc'chanisra is a reliable 
Burroughs *MO-key’' tabulator, shown in 
Figure 2, which is desigm*d for fast 
parallel-t'iilry op(*ration. Listing k(*ys 
and intermediate keyl)oard luive be<*n n*- 
plac(*d by snaill |xiwl-magiH*t devices, 
each of which controls an individual 
U-to-9 ty|x^ bar. This (*Hminatos the 
ne<‘d for complex mechiinical linkag(*s 
usually incor|X)raU*d in digital printers. 
1'he stop-pawls and armatun*s (sec Fig- 



Figur* 3. During th« printing cycl« 
th« typ« bars mov* from **0" 
through and iho position 

transducor and codo generator pro¬ 
duce binary-coded voltages. When 
these voltages coincide with the 
input signals, the input modules 
transmit pulses to drop the stop 
pawls and hold the type bars until 
the cycle is completed. 



to 
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urc 3) iin* reset mechanically; thus the 
as.sociat<.*d elt'ctromagnets re(|uire only 
a minimum of power to hold their i*e- 
s^XM-tiv'e armatures in the actuat(*d 
position. Kach electromagiM't is provided 
with an eleclncal suppii‘ssor. This — 
plus the use of an induction motor 
op('rated continuously — helps to mini¬ 
mize radiated electrical interfertMic(‘. 

In place of the usual sliding-contact 
commutators or stf’pping switches, a 
singl(‘-position transduc(*r and code gen¬ 
erator u\v used to translate each |X)si- 
tion of th(* typi' bars into binaryH‘od(*d 
voltages. These voltages are com])ared 
with the input signals in the plug-in 
code modules. Whenever th(' input code 
coincides with the int(*rnal typ(‘ po.si- 
tion code, a pul.se is generaleil which 
relea.se.s the particular stop-pawl to 
lock the t^TX* Iwir in I he pro]x*r digit 
IK).sition. This positioii-d(*coding proc¬ 
ess continues from “0” through “9’' 
until all tyjx* bars are pr()jx‘rly index<'d. 
The platen i.s then mechanically engaged 
and shiftc‘d upward toward the in-liiu* 

SPECIFIi 

Capacity: 12 eoluinus. 

Digits: 0 througti 9 or blank (column .‘5upprcs- 
sion I. 

Printing Rate: 3 lines per second maximum. 
Accuracy: Identical to input. 

Input: 

Logic Levels — 

Source Hcnintance Hinarn 0 liinnr\i t 
100 ki loll ms — S tr» — 50 V 0 to -1-50 v 

2 megohms — 12 to “50 v 0 to -1-50 v 

Code — 10-line c(xlc (one wire i.*i binary* 1, 
eight wires binai'y 0) or fou»-line nen (1-2-2-I, 
1-2-4-8, or 1-2-4-2) input. 

Resisionce — Approximat(4y 10 megohms for 
minus input, 200 kilohms for plus input. 

Internal Ground: I.soluted from chassis. May be 
l)iased to ± 100 volts. 

Color-Control: 

Manual — Two-position lever selects red or 
black print-out. 

Remote — Red, binaiy 1 or open circuit; 
black, binary 0. Input resistance approxiiimtely 
2 megohms. 



Figure 4. View of the Type 1137-A Data Printer, 
Rack Mounted. 

ty^jc, printing the correct digits on the 
paixM' tape. 

This compact printer is available in 
either a portable cabinet for Itench u.se, 
as sho\Mi on page 9, or a relay-rack 
adaptor cabinet, as shown in Figure 4. 
The printer occupies only half the panel 
space of the relay-rack adaptor cabinet, 
leaving adjacent space for associated 
etpiipment. 

A cabU* is supplied with the printer 
for direct connection to the companion 
instrument. 

— H. T. McAlkeu 


ATIONS 

Column Suppression: Single line gmuiuleil for 
each column suppi’cs^cd (3 milliampere,« maxi¬ 
mum, -f 10 volts open circuit). 

Print Commend: Change from biiiarj" 1 to 
binary 0. Binary 0, 100 millLseconds minimum 
after print command; binary 1, 15 milliseconds 
minimum before next print command. Source 
resi‘<tance 1 megohm maximum. 

Inhibit Reset Output: Occyi's within 50 milli¬ 
seconds after print command; 200 milliseconds 
maximum duration. 

Printing Ribbon: 7/10-inch two-color adding- 
maeliine ribbon. 

Poper: Htaudurd 2t4-inch roll tape. 

Power Requirements: TyI'E.s 1137-9731, 1137- 
9732, 1137-9735, and 1137-9730—115 volts, 
00 cps, 45 watt.s. Tyi'E.s 1137-9733, 1137-9734, 
1137-9737, and 1137-9738 — 230 volts, 50 cp«i, 
45 watts. 

Accessories Supplied: Cable ns.sembly for con¬ 
nection to counter, s|)are fu-^es. 

Accessory Available: Type.S 1137-9004 and 
1137-9005 Plug-In t’o<le Modules. 

Cabinet: Hack and iHirtable models availal)le. 
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SPECIFICATIONS (Cont.) 


Dimeniions: I^ck mcxipl — width 10, height 
depth 15 I 4 inches (485 by 225 by 300 nmi), 
over-ttll; iH)rtable model — width 0, height 10, 
depth 16* 2 inches (230 by 255 by 420 mm), 
over-nil. 


Nef Weight: Hack model, 45 pounds (20.5 kg); 
portable nuMlel, 35 pound.'^ (10.0 kg). 

Shipping Weight: Hack model, 55 pounds (25.0 
kg); portable model, 45 pounds (20.5 kg). 




For use with 
Type 1130-A 
Counter* 


For use with Types 
nSO AP and 1151-AP 
Counters 


Ti/pe 


fW/- S'umht^r 

/'riret 

11137-9731 

Data Printer, Portable Model 
(115 V, 60 cp»). . 

1137-9731 

$1675.00 

1137-9732 

Data Printer, Rock Model 
(115 V, 60 cp*). . . . 

1137-9732 

1725.00 

j 1137-9733 

Doto Printer, Portable Model 
(230 V, 50cpi)... 

1137-9733 

1700.00 

11137-9734 

Data Printer, Rack Model 

(230 V, 50 cpt)... 

1137-9734 

1750.00 

11137-9735 

Data Printer, Portable Model 
(115 V, 60 cp»). 

1137-9735 

1350.00 

11137-9736 

Dota Printer, Rock Model 

(115v, 60cp»). . 

1137-9736 

1400.00 

{ 1137.9737 

Doto Printer, Portable Model 
(230 v, 50cps) . 

1137-9737 

1375.00 

1137-9738 

Data Printer, Rack Model 

(230 V, 50 cpi). . 

1137-9738 

1425.00 

1137-9604 

Plug-In Four-line Code Module 

1137-9604 

55.00 

1137-9605 

Plug-In 10-line Code Module . 

1137-9605 

75.00 


*TTrK lUtn*A counters shipped before Fi<bruAr>* 1963 riM)uire minor modilicstion. A luodiftcetiun kit is inoludi'd with 
these (irinteni. tl^rioiw sr*ph<%hlo for snles in U.8.A. and Catmda only. 



NEW 

FERRITE 

ISOLATORS 


Forrito i.solators are basically one¬ 
way Iraiismission lievices. .Vn rf signal 
applitMl at one port of an isolator is 
attenuated very lit tie in passing through 
the isolator to the second iKtrt. How¬ 
ever, a signal appli(*d at the stTond |)ort 
of the isedator is suhstantially atttuuiated 
in pa.s.sing through the isolator to the 
first port. 

When an isolator is insertetl between 
a signal sourw aiul a Io;id, the energy 
from the .sourc<* is transmitted to the 
load with very litt le loss, hut, owing to 
thi* high attenuation in the ix*vers(' 


direction, the undesiral)le efTeets of 
changes in hmd conditions on the source 
amplitude and fitMpiency are substan¬ 
tially reduc(‘d. The isolator thus olTers 
the distinct advantag<* of low insfM’tion 
loss over the ordinary attenuator pad. 

As a re.sult higher system s^msitivities 
(or levels) can be achieved for a given 
source power. 

DESCRIPTION 

Coaxial f«Trite isolators are now avail¬ 
able that offer high performance charac- ^ 
leristics over ndatively wide fre(|ueney 
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TABLE I 


Ttrpe 

Frcfjuency 

litmqe 

Isolation 

Insertion 

Loss 

Can lie Used With 
These Git Oscillators 

874-H500L 

0.5 to 1 Gc 

to to 15 db 

0.5 to 1.5 db 

1209.C, -CL, 

1361.A, 1021-AU 

874.H1000L 

1 to 2 Gc 

10 to 15 db 

0.5 to 1 db 

1218-A 

874-H20001 

2 to 4 Gc 

20 to 25 db 

0.5 to 1 db 

1220-A, 1360-A 


bands, as shown in Figure 2 and Table I. 
They can actually be used over con¬ 
siderably wider frec|uency ranges than 
their rated 2-to-l bands with some 
deterioration in performance. They are 
equipix'd with locking Type 871 Con- 
nectoi-s and will handle up to 5 watts 
cw power. 

THEORY OF OPERATION 

The isolators descriljcd here are ba.sed 
on the plienomcnon of resonance-ab- 
.sorption. Their isolation characteristics 
depend on tla* ab.sorption of energ\' that 
oeeurs at ferronuignetic resonance. To 
^ achit*ve this resf)nancc, a ferrite material 
is placed in a region where the field is 
circularly polarized, and the ferrite is 
transversely magnetized by an e.xternal, 
static magnetic field. The resonance 
occurs when the strength of the external 
static field is such that the prece.ssion 
rate of the ferrite electron-spin axes 
caused by the static fi(*ld is approxi¬ 
mately equal to the frequency of tla* 
circularly polarized fielil. (The circularly 
jiolarized field is created in the coaxial 
i.sfilator by placing diehuMric maU'rial 
asymmetrically l)ctween the outer and 
inner conductors.) 

When a signal is applied at one port 
of an isolator, the sen.se of rotation of the 
circularly polarized field generated by 
the dielectric is oppo.site to the diiection 
t)f elect ron precession in th(‘ ferrite, and 
there is little interaction between the 
ferrite and the applied field. When the 
^ .signal is applied to the oth(‘r f)ort of 
the isolator, the rotation of the field is in 



Figure 2. Average isolation and InserHon-loss 
characterittics of several isolators. 


the same direction as the prece.s.sion: 
the field is strongly coupled to the 
ferrite electrons, and a large amount of 
eiH'rgy is di.s.sipated in t he ferrite. 

REFLECTIONS AND RF SOURCES 

When an rf oscillator feeds a load 
dirc'ctly, reflections from the load on 
arriving back at the .source can influence 
the source output power and fre(juency. 
When the fn*quency of operation and 
the load conditions are fixed, the re¬ 
flections, unless they an* very large, do 
not usually afTect the stability of the 
source output. 

W hen change.s are made in the load 
conditions, a.s for instance, when the 
load is an adjustal)l(» attenuator in an 
attenuation-measuring system, or when 
various load.s or a sliding .short circuit 
is connected to an imp(‘dance-measur- 
ing system, the changi* in load reflections 
can cause changes in tin* amplitude and 
fre(juency of tht* source. Similarly, when 
the .source frerpiency is vari(*d with fixed 
load conditions, the reflections (as ol)- 
served from the source) change in ampli¬ 
tude and i)hase and atTect the amplitude 
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<»crLCCTto»( cocfrictE»iT 
02 04 oc 08 


I 


TVI»£ B74>h?OOOL »S0t4T0R 


rrPE a^4-G6 F(XE0 attenuator 


w-15 




TWl B74-GI0FJKED ATTENUATOR 

tHAOEO AREAS iNDtCATE OUTPUT VARIATIONS 
AS A ruNCTiCN Of TmE phase OF THE 
REFLECTION AS SEEN Bf TmE SOURCE 


-20-7 TTPC 874 -620 FIXED ATTENUATOR 


Isolator vs fixod ottanuotors at 4 Gc. controlling out* 
put variations (Figuro 3, Ml) and frequency pulling 
(Figure 4, be/ow) of rf source (Type 1360-A Microwave 
Oscillator). 



iLiid t‘n'(|Ui'iM*y of tin* soiirco. In (•ithr'r 
cnsc'.an isolator hf*twrH*n tho soiint'and 
till* load will iinprovt* I In*.sourrr.stability. 

The oulpiil imiKHlaiU'c of an rf s<nirc(* 
is u.sually not AO ohms. Many applica¬ 
tions. however. n*(|nin* a matched .•<oure(*. 
Hen* the Isolator can convert the 
elT<‘etive .sonn‘e output impedance to AO 
ohms over broad fre(|ueney ranges 
without tuning and with a minimum of 
l>ower loss. 

ISOLATORS VERSUS AHENUATOR PADS 
l'igur<*s 3 and I show the advantages 
of the isolator over the fixt‘d attenuator 
pad. The daUi wen* takc*n with a (ienenil 
Ibidio Tyi’K biOO-A .Microwave Oscil¬ 
lator otx*niting at 4.0 Oc. I»ads who.se 
n*flection cEK'fficieiits var>’ from 0 up to 
approximately 1.0 were used, ami their 
pha.s<*s n'lative to thi* source wen* varied 
by means of ii line stn*t<*lM*r Ix't we(*n the 
source and the load. The isolator usc'd 
WHS a Tyi*k 874-II20(X)L that, at. 4.0 Gc, 

REFLECT ON COEFFCIENT 

^ 0 02 04 06 08 lO 

0 -f- -1- ----»- 

ISOUTOR 

5db 

^ _6db 

S-*0 ^ n i i. ZHiOOb 

SHADED AREAS INDICATE OUTPUT VARIATIONS 
AS A FUNCTION OF THE PHAK OF THE 

reflection as seen by the source 


had an in^erli(ln loss of 0.0 db and an 
isolation of 24 db. Three Typk S74-CJ 
rix(M.I .Vtteniiulors of (i, 10, and 20 db. 
respectiv(‘ly, were used for comparison. 

The shad('d areas in Tignre 3 show tlu* 
variations in output at any given n*flec- 
tion coefficient as the plia.^x* of thereflect- 
eil wave is vari(*d through ISO d(‘grees. 

rigun* 4 slu>ws the fn*(|ncn(*y-pnlling 
effi'cts on the ().s<*illator as a function of 
load n*flc<*tion cof'fficicnt. Note that the ^ 
isf)lator is lH*tt(*r than the 10-<ib pad in 
controlling the fref|U<Mi(*y-pulling effects. 

Additional data taken with a Typk 
12I8-A Fnit Oscillator operating at l.A 
Gc and a Typk S74-III(KK)L l.*s)Iator 
(in.sertion lo.ss of 0.0 db and isolation of 
13 db) are presented in Figures A ami r». 

Similar jK*rformance will lx* obtaitK*<i 
with other tyjx*s of oscillators. Trioilc, 
transistor, klystron, backward-wave, 
magm*tron. and other o.sE*illators having 
tightly coupled output circuit.s are snl>- 
ject to similar instalalities, and the use 

Uolotor vs fixed attenuators at 1.S Gc. controlling output 
voriotions (Figure 5, /eft) and frequency pulling (Figure 
6 , be/ow) of rf source (Type 1318-A Unit Oscillotor). 
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^ of an isolator ns o|)pos<'d to an at tonuator 
pad is ('(jually advanlagf<nis with all 
tyiK‘.s of sources. 

APPLICATIONS 
Attenuation Measurements 

In the m(‘asur(‘nient of attenuators, 
filters, and oth(‘r devices wIhtc* atten¬ 
uation may he high, it is usually im¬ 
portant that the device und(*r measure- 
m(*nt lx‘ working h(*tweeii matcfu'd 
sourer* and load. In addition, it is usually 
nee(‘.si«iry to use* all available i>(^w(‘r in 
order to attain suffickuit s(‘nsitivity in 
th(‘ regions of high attenuation. Here the 
use of an i.solator In'tween the sourer' and 
th(* device undtT test olT(*rs distinct 
advantage's. 

()n th<‘ detector .side, an isolator pro¬ 
vides a match over moit* than a 2-to-l 
frerpiency hand whik* introducing a 
cmnparatively lu'gligihle lo.ss in trans¬ 
mission. Neither tuners nor attenuator 
pads meet both these conditions. 

Slotted-Line Measurements 

In a .slotted-line mea.surement system 
in which a tightly coupled, unmatched 
rf .sourer' is u.sed, r*hang(*s in frerjuenr'y 
with change's in the impedance of the* 
unknown connectrMi can cause* errr)rs. 
For t'xample*, if the i)r)sition of the* 


ele.sire'd re'ference* plane is eie'te'rmined 
by the positir>ns of V'oltage minima 
with the unknown and with a shr)rt- or 
ope'n-r-irr'uit te*rmination conne'cteel, a 
e-hange in fr(*r|uenr'y \\ill cause an error 
in the position of the reference plane. 
Similar errr)rs e*an oe-eur when a sliding 
.short cirr uit is use'd. In syste'ms in which 
sen.sitivity is a limitatie)n, for instanr*e, 
wlu'n vt*ry large* vswk’s are measure'd. 
thr* use of an i.solatr)r in place* of an 
attenuator e*an rt'sult in an imprr)vemt‘nt 
iei m(*asurr*mr*nt accuracy. 

General 

These isolatr>rs r*an alsr> bo u.st*d: 

To match a d<*te‘ctr)r te> a oO-edim line 
ove'r a broad fn*ejU(*ne* 3 ^ band without 
tuning and withrait a signilicant reduc¬ 
tion in sensitivity. 

To improve thr* .source* ampliturlr* stabil¬ 
ity in lM)th fix(*d and sw(*<‘p-fre(|uency 
systems that re*riuire an amplitude*-rr*gu- 
lat<*d rf output . 

In a hr'ti'rorlynr* de*te‘ctor to re'duce the 
leve‘1 of the* lor^al-oscillate)!* signal api>ear- 
ing at thr* detector terminals by 10 to 
20 rib. 

Wherever source output stability, im- 
pe'dance match, or minimum le).s.s i.s an 
imix)rtant conside*ration. 

— T. F. MacKknzik 


SPECIFICATIONS 
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General Radio Exhibit in Tokyo 


(loneral Radio was proud to \k* one c^f 
the firms taking part in the opening 
exhibit at the new U.S. Tmde Center in 
Tokyo. The exhibit, featuring industrial 
instruments and Ial)oratory apparatus 
from 58 U.S. firms, ran from April 2 to 
20 , and attracted some 10,000 xisitors. 


including UndersecTetary of Commerce 
Franklin I). Roo.seveit, .Ir., and I’.S. 
Ambassador to Japan E. O. UeisT'h- 
auer. 

The GK exhibit wjis presented by our 
representative in Japan, the Midoriya 
Electric Company, of Tokyo. 




G«n«ral Radio at now U.S. Trado Contor in Takyo, as toon by U.S. Undorsecrotary of Commorco 
Franklin D. Rootovolt, Jr., with roprosontativos of Midoriya Eloctric. From loft to right, tho Mottrt. 
Nagakura, Solos Enginoor; Kuroha, Prosidonf; FDR, Jr.; Sokido, Import Division Monagor; and 
Ishixawa, Managor, Instrumont Solos Soction. 


Personnel Changes at our Sales Engineering Offices 

Ronald F. Mossman was re<*ently 
transferred to the Toronto Office, after 
nearly a year at our plant in West 
C’oncord. 

Harold Stevens joined the staff of our 
Ix)s Angeles Office in March. 1903. His 
territory will include metropolitan Ix).s 
.Vngeles plus the military" installations in 
the Mojave Desert region of C’alifornia. 
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lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (51 6) 334-5959 • ( 8 OO) 899-8438 • fax: (51 6) 334-5988 














